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Abstract
As golfers, we need to keep our equipment in good condition to lengthen the lifespan of
the equipment and allow it to perform as intended. Currently there is no cost effective and
efficient way to clean clubs. The following report outlines in detail our process to build a device
that solves this problem, as well as the testing and analysis performed to create a unique solution
to the problem statement.
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1. Introduction
For most golfers, cleaning their golf clubs can be a tedious yet necessary process.
Depending on the course conditions, a golfer’s clubs can collect various types of debris such as
dirt, sand, and grass blades during play. Not only does this effect a club’s performance during
play, but it can also affect the lifespan and overall quality of the club. If the clubs are not cleaned
frequently and properly, they will not perform as intended and may also get worn out faster than
usual. Because of how tedious cleaning gold clubs can be, many players do not take the time and
effort required to maintain their equipment. To fix this problem, we have decided to design and
build a device that will clean and polish the golfclub head as well as the grips, making it easier
for golfers to clean and maintain their clubs.
While there are some options in the market currently, none of them work the way we
envision or are as cost effective. One machine on the market is the Wittek Advance Speedee
Club Cleaner. This machine is a similar concept to what we want to design (see references). It
uses powered brushes to scrub and clean the clubhead. This product efficiently cleans clubs,
however it is very expensive and robust. We envision a smaller and less expensive design.
Another device used to clean clubs is an ultrasonic cleaner. There are two versions, one for
household use and one for commercial use (see references). The household ultrasonic cleaner
provides a high quality clean, however it requires 5-10 minutes per club to complete the clean.
The commercial cleaner is large enough to clean multiple clubs at once, however the cost is
much higher than what the average consumer could afford or would want to spend. This product
offers a quality clean but fails to do so quickly and easily. The third option on the market is a
handheld brush called The Groove Tube (see references). This handheld brush is attached to a
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bottle that contains soap and water, providing a wash while the user manually brushes their club.
This is an efficient and inexpensive on-the-go device; however, it doesn’t provide as good of a
clean as desired.
Along with products on the market, there are also patents for similar devices. Patent
US578739A is for a handheld golf club cleaner with a motorized brush and reservoir for cleaning
fluid. The user pumps the motor with a plunger, thus spinning the brush and emitting soap and
water. This is an efficient handheld design, but our desired product will not be handheld. Patent
US4944063A covers an attachment for golf carts. This product is like on-course golf ball
cleaners but instead has space to insert the clubhead while the user moves a brush up and down.
Patent US3704475A is for a golf club cleaner with a power-driven tapered brush. The machine is
powered on, and the user inserts the clubhead into the machine. The spinning brush is angled to
where it can effectively clean every side of the clubhead. This design is the most like what we
want to design, however it can be improved upon to give more options to the user.
As previously stated, while these options on the market provide different ways to clean
golf clubs, none of the products cover all of what’s desired in a golf club cleaner. We want to
take all positive aspects of each product (low-cost, efficient, ease of use, cleaning options) and
design one club cleaner machine that clean clubs effectively at a low price. To do this, the club
cleaner needs to be broken up into different components and the tasks need to be spread out
between team members. This allows for a more efficient design process and clearer
specifications (see Metrics for Success). Referencing the current products on the market will
give a good idea for a price point as well as what customers want in a golf club cleaner.
Weighing the different design options for each component and the price points will allow the
team to come up with the best possible design.
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2. Problem Statement
Through our combined experience playing golf and research, we determined the need for
this product and created the following problem statement in the SCIPAB (Situation,
Complication, Implication, Action & Benefit) format:
For those who clean their golf clubs frequently, the process can be somewhat tedious.
Common cleaning solutions are hand-held and manual and the only automatic household
products take too long or are too expensive for the average golfer. We propose there is an
easier solution through a new club cleaning machine. We intend to design and build a
device that is capable of automatically cleaning clubs removing all dirt from the club face
and grooves. This device will also polish the clubs and have a grip cleaning station
integrated into the design. This saves golfers time and energy, while keeping their golf
clubs looking their best.
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3. Metrics for Success
After taking our problem statement into consideration, comparing to existing products,
and considering what type of product we’d want to use to clean our golf clubs, we came up with
the following eight metrics for success:
1. Provide a quality clean in under 30 seconds of cleaning time per club. Dirt being
completely removed from the club face and grooves.
2. The user should be able to operate the machine without bending over.
3. The machine should have the ability to apply club polish and buff irons.
4. The machine should have a grip washing station built into the main unit.
5. The machine’s footprint should be under 3x4 for the base of the unit and no taller than 2
feet. While the machine is not in use.
6. The liquid basin should be able to be cleaned with a hose and running water in under 30
seconds.
7. Brushes and polishing pads should be able to be removed in under 5 minutes to be
replaced if needed.
8. Machine’s cost target will be under $75, market price point will target $150.
We needed to define what type of quality clean we required. The club face and the grooves
are the most important for the performance of the golf clubs. Cleaning grips and applying the
polish are important for the life span of the golf clubs. We also focused on making it easy to use
and maintain. Making it quick and easy to use while the operator is in an ergonomic position. It
was important to us that this was a product we’d be excited to use, therefore we want it to be
easy to clean and relatively cheap to buy. It’s already a chore to clean golf clubs, so we didn’t
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want to replace that chore with a new one. These metrics will guide us through the design and
how we evaluate our prototype.
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4. Design
Our design strategy for this product, based on our metrics for success, is to design a product
that is affordable and easy to use, and easy to maintain. The device we are designing is to include
a club cleaner cable of scrubbing and cleaning all dirt and contaminants off a set of clubs in a
maximum of 30 seconds. This device is to also include a club polisher that can use a polishing
compound to buff and treat the clubs to further protect them from scratches and wear. To achieve
our metrics for success, we focused in on a few major components of the cleaner in the early
design stages. These components are the brush design, the basin design, and the grip cleaner
design. After brainstorming different designs for each of the subsystems, we narrowed down our
concepts using decision matrices.

4.1 Conceptual Design
After analyzing what features we wanted using our matrices, we then moved onto to
conceptualizing each sub assembly and how it would be designed. We began with the brush
design, Appendix A, we decided amongst a few different orientations and brush counts, the
different orientations are shown in the conceptual sketches in Appendix F. Based on our decision
matrix we decided that a single horizontal brush design would work best for our application. This
would offer the lowest cost in materials due to less parts, as well as being more reliable than the
other options which required more moving components. We believe the single brush would not
offer the best cleaning effectiveness but the tradeoff for reliability cost and easy maintenance
outweighed the small drop in performance.
The next important subsystem that we focused on was the basin design. The basin will be the
tank that holds the cleaning and polishing solution while the device is being operated. We
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wanted this basin to be easy to service and clean as it is very likely to accumulate a lot of dirt and
debris with use. Using our decision matrix, in Appendix B, we concluded that a hybrid basin
design would best suit our needs. This design would incorporate both the drain design for the
club wash solution, as well as a removable basin for the polishing side of the device, the sketches
of these concepts are shown in Appendix G and H. This would allow for the easy draining of the
wash side of the device, as the solution used to clean the clubs will be mostly water which will
be easy to drain and rinse. The removable basin would be used for the polishing side of the
device such that it can be fully removed, rinsed, and scrubbed when needed. This will be the best
design for the polisher as the polishing compound will very likely be very viscous and difficult to
completely clean with just a rinse.
Following the basin design, we focused next on the design of the grip cleaner. The grip
cleaner we felt would be necessary to include in order to fully treat the clubs not just the club
heads. It is important to keep these clean as you make direct contact between the grip and your
hands while playing, and the ability to maintain a firm and stable grip is crucial in helping your
swing. Currently most grip cleaning methods require just a cleaning solution and then being
dried and gently wiped of any debris or contaminants. This cleaning method is important in
preserving the grips and not damaging or delaminating them from the club shaft. From our
decision matrix, in Appendix D, we found that the open design of the grip cleaner, as sketched in
Appendix E, would be the best design for maintaining the grips. We also concluded that even
though it did not win out on our decision matrix it might be possible to include the towel grip
cleaner, as sketched in Appendix I, as an optional add on to our device. The cost difference to
include the notches on top of the device would be minimal and would open an opportunity to sell
this attachment as an optional extra that can be replaced, and spares could be ordered.
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Another subsystem that we discussed including with our cleaning device was a built-in ball
cleaner. We believe that this could be a nice additional feature to include, but we are willing to
cut it out to balance cost and keep our device below our $150 price target. When we created our
decision matrix for the cleaner, in Appendix C, we decided that it would be best not to include
the ball cleaner. This is very early in the design stage, and we are not yet convinced that it is a
necessary add-on but as our design progresses and we have a more established bill of materials
with costs, we will revisit the idea of including a ball cleaner.

4.2 Embodiment Design
Once the conceptual design of our product was complete and we were able to design on
overall layouts, as shown in Appendix J, we began to focus on our final designs and begin to
formulate a bill of materials. We first approached the materials used to construct the basins for
the product, these parts were to be large plastic components and we expected a high cost in our
prototyping due to this. For a final product we knew we would have a mold for these parts to be
used with injection molding which would have a greatly reduced cost per part, but for
prototyping this was not an option. As an alternative we decided to 3D print the basins, bearing
mounts, adapters, and any other extra parts needed. This was not only more cost effective for
prototyping, but this also gave us flexibility in design and customizing the parts. We decided that
our product would also include a frame for ease of mounting the bearings and other components,
specifically the motor and gearbox within the basins. We decided to use 8020 aluminum for the
frame because it offers design flexibility and ease of assembly. For the cleaning and polishing
components, we were able to purchase a buffing wheel that was fit for our design. An adapter
was designed for the shaft, and it fit into the design well. However, we initially sought out to buy
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a cleaning brush of the same style. Being unable to find a brush of this style, we purchased two
drill brushes and had to modify them to create one single brush with a shaft on each side.

4.3 Redesigns and Revisions
Throughout the design and assembly process, certain issues were discovered that led to
revisions and redesigns of various components. During design, the 3D printed basin was
originally set to be one piece. However, due to size constraints on the 3D printer, the basin
needed to be split into four components to later be bonded together. A final product would be
one solid piece using injection molding. Once the assembly process began, the team received a
defective motor, which due to long wait times and shipping from overseas, we were unable to
source a replacement in time. This then forced us to rapidly redesign the motor and gearbox
system. Instead of using a single motor with a pulley and gear system, we switched to two
motors with direct gear systems. Because of the flexibility of the 8020 aluminum and the
availability of 3D printed parts, this was an easy adjustment to make only losing us a few days in
the build process. During testing of the prototype, we also found that the new motor square shafts
rounded in the new gear sockets during use because of excessive torque. To fix this, a new gear
was designed with space for a metal insert. This provided more strength instead of the 3D printed
plastic, solving the issue of stripping out the sockets. Please see Appendix L for CAD images.
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5. Design Verification
For testing our product, we wanted to see how long it would take to clean clubs. We had
a set that was dirtied in excess by dipping the club in to a mud pile. From normal use a golf
club would never be in this condition, so this is an extreme example. We had another set of
clubs that were dirtied with normal use. These clubs were used last season and had not been
cleaned since so the dirt and grass was deep into the club. Clubs were scored on a scale 0-5
before and after cleaning. This scale was defined as:
0. Covered: the club face is completely covered, and marking are completely
unidentifiable
1. Unusable: The club face is completely covered, and good contact cannot be
made with the golf ball
2. May Affect Play: The club face still had debris on it and may affect contact
with the golf ball
3. Playable: Most attempts at a swing will not be affected but club grooves may
not be cleared
4. No Performance Drop: Debris may be present but will not affect contact with
the golf ball
5. Like New: No visible debris
This scale was used consistently, and only one team member was appointed to grade all clubs so
judgment should be consistent.
For our testing the user would take the golf club and clean the club as they believed is
best and continued to clean until they believed the club to be clean. This cleaning time would be
recorded and then the inspector would check and grade the club appropriately. This was the
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method we chose because different types of clubs with varying degrees of dirtiness will require
different cleaning time. The user will also want to be cleaning their clubs without having to pick
it up every few seconds to check to see if it is clean, the viewing angles into the basin and the
lights in the basin should be sufficient for the user to see if the club is clean. Below are some
examples of testing data, more testing data is included in Appendix K, in a larger size and higher
quality.
Figure 1: Test Data Examples

All clubs tested were between a 2 and 0 rating and after cleaning all clubs tested were
between 4 and 5. Average cleaning time was 23.48 seconds and times were between 17.09
seconds and 30.31 seconds. These are all within an acceptable range. The device did struggle a
bit with clubs with larger back cavities, like the MacGregor Irons, and high loft wedges. We also
noticed that as the user became more comfortable with using the device cleaning times dropped
but clean rating was consistent.

11

6. Costs
As the Hackbath is intended as a home use product, a price target of $150 would be the best
option for entry. With a cost of $150 a total cost to manufacture should be aimed at $75 dollars
for appropriate margins. Below is a table of the cost of the parts we purchased for the prototype.
Table 1: Parts Purchased
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Part
Inline Switch
Cleaning Brushes
Buffing Pad
80/20 Aluminum
80/20 Corners
Bearings
D-Shaft
ABS Filament
M5 Hardware
Zips Golf Ball
Shaft Collars
Flex Seal
Wires
Tamina Connector
Lights
393 Motors

Distributor
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Servo City
Amazon
Amazon
Amazon
Menards
Menards
Menards
Hilltop Hobby
Menards
VEX

Price
$ 8.99
$ 21.32
$ 20.27
$ 50.71
$ 22.33
$ 11.73
$ 16.11
$ 44.15
$ 22.30
$ 3.11
$ 46.94
$ 24.99
$ 6.21
$ 12.58
$ 9.99
$ 22.99
$ 344.72

Subsystem
Electrical
Cleaning
Cleaning
Structure
Structure
Power
Power
Basin
Structure
Structure
Power
Basin
Electrical
Electrical
Electrical
Power

Cost By Subsystem

Cleaning
Electrical
Power
Structure
Basin

Figure 2: Cost by Subsystem
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In prototyping most of our costs were tied up in the frame and basins. $98.45 was
associated with the frame and $69.19 was associated with the basin. These are the costs that
would be easiest to drop when mass manufacturing. In manufacturing we would plan to use
injection molding for the basin, this would eliminate the need for waterproofing agents like Flex
Seal and reduce the high costs associated with 3D printing. Injection molding would feature a
high initial cost to create the necessary mold, but once the mold is made it is relatively low cost.
The cost of the mold can be expected to be around $3000 and cost per part around $3. For the
frame, 80/20 is great for prototyping due its adjustability but is very expensive for an actual
product. We would use a custom steel frame for the structural pieces to hold the motor in place.
This is a hard subsystem to price due to the specific nature of the frame, but we estimate it to be
less than a quarter of the cost than that of the prototype.
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7. Conclusion
In conclusion we found that the Hackbath design and prototype product was a success. We
were able to successfully create a design that made the cleaning process easier and provided a
quality clean. We met many different roadblocks during the design and manufacturing process
but due to careful design and strong communication we were able to revise and create a quality
finished design. We were also able to drum up support for our product through word of mouth
and demonstration at the design day event that further gave us confidence in a quality product.

7.1 Accomplishments
We were successful in meeting 6 of 8 of our metrics for success and the two that we
missed we do believe would be met in a production model of the Hackbath. Our first metric was
providing a quality clean in under 30 seconds and all dirt is being removed from the faces and
grooves. According to our scale created we believe this would be a 4 or 5. In all of our tests the
clubs were cleaned in under 30 seconds. The machine can be operated without bending over. The
machine can be used to buff irons. There is a grip washing station built into the main unit. The
machines footprint is under 3’x4’x2’. The liquid basin can be easily cleaned with a hose. The
brushes and polishing pads cannot be easily removed due to an alignment error in the 3D
printing. If these holes were properly aligned, we believe this metric would be met. It is difficult
to price out exact manufacturing but with our estimations in the cost section, we believe this
could be met.
At design day the judges were impressed with out project and mentioned that they wanted
to purchase the product after watching our short video. Our team won best video for self-initiated
projects and second-best project in the same category.
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7.2 Ethical Considerations
This product will require both electricity and water to work properly. Due to this, it is
important to limit the use of each as much as possible. Since the device will not be very large or
powerful, the electricity draw should be minimal. It will also have an easy-to-use foot pedal, so
the motor only needs to run when absolutely required. Since the product is small again, the
amount of water needed can be limited. Running water is occasionally used in traditional
cleaning methods, since our product does not need water constantly running, it will actually save
water.
Our product will help lengthen the life span of golf clubs and golf club grips since the
equipment will be kept in better condition. If oils from the player’s hands are left on grips for a
long period of time, they can damage the grips causing the need to replace them and dispose of
the old grips. Dirty and unpolished golf clubs also can decrease the life span of the club. Golf
clubs kept in poor condition rust more easily and the grooves on the club face can become less
defined. When this happens, the player may resort to buying new clubs and must dispose of the
old clubs. Keeping the equipment is good shape longer keeps it out of landfills and reduces cost
for the consumer.

7.3 Future Work
We believe that many of our issues would be corrected with a production model. We
faced issues with wear on the 3D Printed components. Gears would strip out causing the shafts to
spin. If these gears were made of metal, this would not happen. Originally, we intended for one
motor and use of a belt system, if this design was reused wear on the motors would be reduced.
A custom brush would also be a good addition in the future. If this product was mass produced, a
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custom motor specified for our use would be used. Our product could also be marketed to have
branded soap and polish to market our product as a service.
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8. Appendix Section
Appendix A Brush Decision Matrix

Brush Design and Orientation
Dual
Vertical
Horizontal
Cost
Reliability
Simplicity
Ease of Use
Effectiveness

3
6
3
7
7

Single
Horizontal

5
7
5
8
9

8
9
8
6
7

Total
26
34
1-10, 10 being the best performing

38

Appendix B Basin Decision Matrix

Basin Design
Removable Dual
Single Basin w/
Basin
Drain

Split Basin w/
Drain
Cost
Reliability
Simplicity
Ease of Use
Effectiveness

Removable Single
Basin

Hybrid

7
6
7
5
6

6
8
6
5
9

9
7
8
5
5

7
9
7
6
7

6
9
7
8
8

Total
31
1-10, 10 being the best performing

34

34

36

38
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Appendix C: Golf Ball Cleaner Decision Matrix

Ball Cleaning
45Degree
Cost
Reliability
Simplicity
Ease of Use
Effectiveness
Total

Do Not
Include

Traditional

6
5
7
4
7

29
1-10, 10 being the best performing

4
6
6
6
7

10
10
10
0
0

29

30

Appendix D: Grip Cleaner Decision Matrix

Grip Cleaner
Open
Cost
Reliability
Simplicity
Ease of Use
Effectiveness

Towel

Do Not Include

9
10
10
9
7

7
7
8
7
9

10
10
10
0
0

Total
45
1-10, 10 being the best performing

38

30
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Appendix E: Open Grip Cleaner
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Appendix F: Cleaning Brush Orientation
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Appendix G: Single and Dual Drain Basin
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Appendix H: Removable Basin and Hybrid Basin
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Appendix I: Grip Cleaner Attachment
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Appendix J: Conceptual Layout Drawings
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Appendix K: Test Results
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29

30

31

32
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Appendix L: CAD Images
Four Piece Basin Design

35

Original Motor Design with Single Motor

Adjusted Motor Design with Two Motors
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Original Gear Design vs. Metal Insert Design

Final CAD Model
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